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Radial artery flow-through graft: A new conduit
for limb salvage
Victoria J. Teodorescu, MD,a Jin K. Chun, MD,b Nicholas J. Morrisey, MDa Peter L. Faries, MD,a
Larry H. Hollier, MD,a and Michael L. Marin, MD,a New York, NY
Objective: Patients with severe peripheral occlusive disease may present especially challenging problems because of
previous bypass surgery, location of ulcers, or extremely poor runoff. We used the radial artery with its overlying skin flap
as a bypass conduit, called the radial artery flow-through (RAFT) graft in 10 such patients.
Methods: From November 1999 to January 2002, 10 patients had limb-threatening ischemia at presentation. All had
severe inframalleolar vascular occlusive disease. Four patients had undergone previous conventional bypass procedures.
Two grafts remained patent, but distal ulcers failed to heal. Eight patients were men. Seven patients had diabetes mellitus.
All patients but one had nonhealing ulcers. In most cases, a composite femoral-tibial bypass graft was constructed by
sewing the RAFT graft end-to-end to either the greater saphenous vein or, in one patient, to a polytetrafluoroethylene
graft. In all cases, the radial venous comitans were sewn to a nearby superficial vein. In 5 patients the skin paddle was
positioned to cover the ulcer; in the remaining patients the skin paddle was used to close the foot incision over the distal
anastamosis. Postoperative graft surveillance was performed with Duplex scanning or contrast medium–enhanced
angiography.
Results: Thromboses developed in 2 grafts during follow-up. In 1 of these patients below-knee amputation was
performed. Another patient required below-knee amputation because of continuing infection in the foot despite a patent
RAFT graft. In 1 patient thrombosis developed in the vein graft, but the RAFT graft extension remained patent. All other
RAFT grafts were patent in their entirety at 15 (6) months.
Conclusions: The RAFT graft is a new option for treating limb-threatening ischemia. The skin paddle may be useful in
selected patients for wound coverage. (J Vasc Surg 2003;37:816-20.)
Patients with peripheral occlusive disease may present
formidable obstacles to successful revascularization. The
location of some nonhealing ulcers may interfere with
planned bypass incisions, adequate leg veins may not be
available because of previous bypass surgery, and poor
runoff may lead to early graft failure. Use of arm veins or
prosthetic grafts with or without distal arteriovenous fistu-
las or vein cuffs may resolve the problem of conduit avail-
ability1-4 but not necessarily address the issue of healing
large or inconveniently located ulcers. Such ulcers may
require flaps for closure, which may be accomplished at a
separate operation.5,6 Use of a flow-through flap as a bypass
conduit may obviate these problems at a single surgery. We
used a rat epigastric flow-through flap placed in the con-
tralateral femoral artery as an experimental model. The
deep and superficial femoral arteries were sequentially li-
gated to simulate increased outflow resistance. This flow-
through flap bypass model demonstrated superior patency
(70%) compared with the control interpositional arterial
grafts (0%) at 1 week. Of particular interest, flow through
the epigastric artery decreased initially with ligation of the
femoral branches, but 3 hours later increased by a factor of
4. Believing this study demonstrated the value of the flow-
through flap in maintaining blood flow through the bypass
graft, even with high outflow resistance,7 we used a radial
artery forearm flow-through free flap (RAFT) as a conduit
in a small group of patients with significant inframalleolar
occlusive disease.
METHODS
From November 1999 to January 2002, 10 patients
were seen with limb-threatening ischemia. Eight patients
were men. Seven had diabetes mellitus. Nine patients had
nonhealing ulcers. Five of these ulcers were located on the
ankle or calf, and four ulcers were located on the foot. Five
patients had previously undergone conventional revascular-
ization. Two patients had patent grafts to the tibial arteries,
but foot lesions failed to heal.
Beforesurgerythepatientsunderwentcontrastmedium–
enhanced angiography, with particular attention to smaller
vessels in the foot that could serve as outflow target arteries
for a graft. Those patients requiring extension of the radial
artery with vein grafts underwent preoperative duplex scan-
ning to evaluate the quality of the vein. Safety of harvesting
the radial artery was assured with the Allen test in all
patients. Four patients also underwent preoperative duplex
scanning of the radial artery. The radial artery was harvested
from the nondominant arm in 8 patients. Duplex scan
finding of radial artery dominance was the determining
factor in selecting which arm to use.
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Fig 1. A, In this 76-year-old woman with diabetes and hypertension, who had undergone femoral-tibial bypass
grafting and amputation of the third, fourth, and fifth toes, acute graft occlusion developed just a few months after
surgery, despite an adequate saphenous vein. Photograph shows healed right foot after revascularization with RAFT
graft and split-thickness skin graft covering transmetatarsal amputation. Of interest, revascularization of the contralat-
eral leg with use of the cephalic vein was required several months later. When this bypass occluded early postoperatively,
the limb was amputed below the knee. The RAFT graft remains patent. B, Drawing of femoral–dorsalis pedis RAFT
graft reconstruction with nonreversed saphenous vein. Note anastamosis of radial venae comitans to a perforating vein
branch of the deep system. The RAFT flap was used to cover the dorsal incision.
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Fig 2. A, This 67-year-old man underwent two failed attempts at femoral-popliteal bypass grafting, but had
progressively enlarging ulceration of the medial calf with exposure of tibial bone. A RAFT graft was chosen as the
conduit because it afforded immediate coverage of the distal anastamosis. B, Healed left leg after femoral–posterior
tibial bypass, constructed with reversed saphenous vein and RAFT graft. C, Drawing of femoral–posterior tibial
reconstruction with a RAFT graft to reversed saphenous vein. An enlarged skin paddle was used for coverage of the
open leg ulcer. The venae comitans of the radial artery was anastamosed to a saphenous vein branch.
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RAFT was added as a graft extension from the poplite-
al-tibial bypass to the medial plantar artery in 1 patient
(patient MS), and was added sequentially to the other
patent bypass graft from the distal posterior tibial artery to
the lateral tarsal artery of the foot (patient AC). One RAFT
graft was constructed as an anterior tibial-first dorsal meta-
tarsal artery bypass graft after completion of a new femoral-
anterior tibial artery bypass graft (patient AGa). In the
remaining cases, a composite femoral-tibial artery bypass
graft was constructed by sewing the RAFT graft end-to-end
to either the greater saphenous vein or, in 1 patient, to the
PTFE graft (Table). In all cases, radial artery venous comi-
tans were sewn to a nearby vein, in effect creating a large
arteriovenous fistula (Fig 1, B; Fig 2, C). In the five patients
with calf or ankle ulcers, the skin paddle was successfully
positioned to cover part of or the entire ulcer. In these
patients larger flaps were harvested from the lower forearm,
along with the radial artery, and a split-thickness skin graft
was required to close the defect. In the remaining patients
a small skin paddle was used to close the foot incision over
the distal anastamosis. Postoperative surveillance was per-
formed with Duplex scanning or contrast-enhanced an-
giography.
RESULTS
Patency ranged from 1 week to 35 months (mean, 15
months). Five of the seven composite grafts are patent in
their entirety, as is the anterior tibial-dorsal metatarsal
RAFT graft. In the patient in whom RAFT graft was added
to a popliteal–posterior tibial vein bypass graft, thrombosis
developed in the body of the vein graft, but the RAFT
graft extension itself remains patent and the limb is
viable. Two patients underwent amputation. One pa-
tient, in whom the RAFT graft was added sequentially to
a patent femoral-tibial bypass, required below-knee am-
putation after 2 months because of continued infection
in the foot, although the RAFT graft was patent. In the
other patient venous hypertension developed in the flap,
and it ultimately was lost. The large calf ulcer was closed
with split-thickness skin grafts after the flap was re-
moved, inasmuch as the radial artery conduit initially
remained patent. During follow-up angiography, throm-
bosis developed in this bypass graft, and it could not be
salvaged with lytic therapy and surgical thrombectomy
and revision. Amputation was offered, but the patient
refused and left the hospital against medical advice.
Finally, thrombosis developed in the composite PTFE-
RAFT graft 8 days after surgery, and the affected limb
was amputated shortly thereafter. No grafts were revised.
No flaps were lost, other than the one described above.
All ulcers have remained healed. There were no cardiac
events. No hand became ischemic after harvesting of the
radial artery.
DISCUSSION
The radial artery is a durable conduit for use by the
cardiac surgeon, with patency rates of 90% at 5-year follow-
up,8,9 but its use for peripheral revascularization is not
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common. The radial artery, when taken with its accom-
panying vein, can support a moderately large soft-tissue
flap. This conduit, then, has the additional benefit of
providing coverage for large ischemic ulcers of the lower
extremity.
All of our surgeries were performed with a two-team
approach. Dissection of the inflow vessels and harvesting of
the saphenous vein were usually completed before harvest-
ing the radial artery. Larger flaps required a split-thickness
graft to fully close the arm incision. Although these patients
all had the usual comorbid conditions associated with pe-
ripheral occlusive disease, all tolerated the surgery well. In
this series, any patient with end-stage renal disease requir-
ing chronic dialysis was excluded from consideration for
surgery.
Knowledge of pertinent vascular anatomy is impera-
tive. One flap was lost because the radial vein comitans
was unknowingly sewn to a branch of the saphenous vein
that was occluded several centimeters beyond the anas-
tamosis. Severe venous hypertension quickly developed,
and the flap could not be salvaged despite application of
leeches. The composite saphenous vein–radial artery by-
pass remained open for 6 weeks afterward, but thrombo-
sis developed during follow-up angiography.
Seventy percent of these bypass grafts were to in-
framalleolar vessels. Target vessels were dictated by
either extent of occlusive disease or location of the
ulcer. Use of the radial artery as part of the bypass
conduit obviated the need to harvest the distal saphe-
nous vein, thus avoiding parallel incisions on the foot or
ankle. This is advantageous because parallel incisions
may be prone to breakdown, especially if the limb swells
excessively postoperatively. In addition, the skin paddle
may be used to close the incision over the distal anasta-
mosis.
The RAFT graft offers two potential advantages: a
means of wound coverage and improved patency. In animal
studies, flow is maintained through the conduit because the
venous side of the flap accommodates for high peripheral
resistance. We speculate that the free flap may function as
an autoregulatory arteriovenous fistula. Although the small
number of patients makes it impossible to be certain that
this technique is better than conventional distal bypass with
autologous vein, our early patency rates are encouraging,
especially since most of the bypass grafts were to distal
vessels.
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